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1. CaO 是催化酯交换反应的高活性催化剂，仅需油重 0.1%的用量即可使产率
达 90%以上。选用方解石型 CaCO3、文石型 CaCO3、Ca(OH)2为前驱体，氮
气氛下 800℃煅烧，可制得不同表面碱强度的 CaO催化剂，表面碱强度顺序































4. 以浸渍法制备了 CaO- Al2O3、CaO-ZrO2、Fe2O3-CaO催化剂，实验发现，经
过煅烧后，CaO能够与酸性高价金属氧化物形成相应的复合氧化物，但一旦





的 Ca2Fe2O5对 CaO有较好的稳定作用。 
5. 通过原料添加甘油的酯交换反应发现，CaO-hyd较 CaO-cal更不易流失。比
较由 Ca(OH)2 及 CaCO3 制备的催化剂，发现 Fe2O3-CaO-hyd 具有比
Fe2O3-CaO-cal更强的抗流失性能，主要是由于 Fe2O3-CaO-hyd催化剂表面
Ca2Fe2O5与表面和基体的 CaO相互作用较强；Fe2O3-CaO-cal催化剂表面由
于 Fe2O3的生成减弱了 Ca2Fe2O5对 CaO的稳定作用。Fe2O3-80%CaO-hyd具
有最强的抗流失性能，使催化剂表面完全覆盖 Ca2Fe2O5可使其对表面及基体
CaO的稳定作用达到最大。 
6. 以碱性稀土氧化物为载体制备的 CaO-LnOx 催化剂催化酯交换反应活性顺序
为 CaO-CeO2 > CaO-La2O3> CaO-Eu2O3。对 CaO-CeO2的进一步实验发现，

























Biodiesel is a promising alternative fuel due to diminishing petroleum reserves 
and its renewable nature. It is consisting of fatty acid methyl esters (FAME) and is 
produced by transesterification of vegetable oils and nimal fats with methanol. The 
use of solid base catalyst in a heterogeneous transesterification process shows high 
reaction rate and can cope with most of the drawbacks of homogeneous process. And 
the filtered solid catalyst could be re-used. In this dissertation, biodiesel is produced 
by the transesterification of triglycerides of soybean oils using methanol and calcium 
oxide. To analysis the relationship between the basicity and the activity of CaO 
catalyst and the mechanism of the transesterification reaction catalysed by CaO, we 
performed XRD, TG-DTA, CO2-TPD, FTIR, XPS characterizations for the catalysts. 
To restrain the leaching of CaO catalyst, we prepard CaO-Al2O3, CaO-ZrO2, 
Fe2O3-CaO, CaO-CeO2 catalysts and evaluated their leach resistance. 
The predominant results obtained are summarized as follows: 
1. CaO shows high activity in the catalytic transesterification and when the amount 
of catalyst uesed is only 0.1 % (weight of soybean oil), a yield of FAME above 
90% can be obtained. CaO catalysts prepared from different precursors(calcite, 
aragonite, Ca(OH)2  have different performaces in the transesterificat on. The 
catalytic transesterification activities and the base strength both decrease in the 
order CaO-cal> CaO-hyd > CaO-ara. It demonstrates that the surface properties 
of CaO catalysts greatly impact their catalytic performance and a strong basicity 
is in favour to a high catalytic transesterification activity. 
2. There is a initiating hysteresis at the early stage of transesterification when a 
small amount of CaO catalyst is uesed. But calcium diglyceride solution is almost 
inert for transesterification. If glycerol is introduced simultaneously with CaO 
powder into reaction mixture, the transesterification processed quickly at the 
early stage. The above comparative experiments demonstrate that the active phase 















calcium oxide can be activated by glycerol. 
3. CO2-TPD results reveal a strengthened basicity on the surface of glycerol 
pretreated sample. The basicity of ctalysts decrease during the cooling process 
because of the ion rearrangement of basic sites. The surface of CaO can be 
sculptured by glycerol and generate strong basic sites with ion prirs of low 
coordination numbers. The strong basic sites activated by high temperature can 
not be sustained after cooling treatment, whereas they are able to be regenerated 
by glycerol pretreatment. The etching effect sculptures strong basic sites on the 
surface of catalyst, and leads to the leaching of active component into solvent as 
well. So there is an obvious tradeoff between catalytic activity and the resistance 
to leaching. 
4. CaO- Al2O3, CaO-ZrO2, Fe2O3-CaO are prepared by impregnation. After calcined, 
corresponding complex oxides are formed. But these stable complex oxides are 
not active in the catalytic transesterification because the acidic metal oxides 
neutralize the basicity of calcium oxide and decrease the base strength of 
catalysts by decreasing the electron density. Only the catalysts with CaO 
dispersed on the surface have high activity in the catalytic transesterification. The 
CaO dispersed on the surface can be stabilized by the complex oxides. The CaO 
dispersed on CaO- Al2O3 can be leached easily. But The CaO dispersed on 
CaO-ZrO2, Fe2O3-CaO can be stabilized because of their perovskite structure 
with oxygen vacancies. 
5. In the catalytic transesterification with glycerol introduced into reaction mixture, 
CaO-cal dissolves more quickly than CaO-hyd. And comparing the Fe2O3-CaO 
catalysts prepared from CaCO3 and Ca(OH)2, Fe2O3-CaO-hyd can restrain the 
leaching of CaO better than Fe2O3-CaO-cal. The reason is the Ca2Fe2O5 with a 
brownmillerite fromed in Fe2O3-CaO-hyd can interact with the surface and matrix 
CaO and then restrain its leaching. But Fe2O3 fromed on the surface of 
Fe2O3-CaO-cal, and it weakens the interaction between Ca2Fe2O5 and CaO. 
Fe2O3-80%CaO-hyd exhibits the best restrainability of leaching of CaO because 















6. CaO-LnOx catalysts supported by basic rare-earth metal oxides exhibit the 
activity trend in the catalytic transesterification as follow: CaO-CeO2 > 
CaO-La2O3 > CaO-Eu2O3. The CaO dispersed on the surface of CaO-CeO2 can be 
stabilized by the residual charge on the surface of CeO2, and the interaction 


















第一章    绪论 
1 







































第一章    绪论 
2 
表 1.1 生物柴油和柴油的性能比较 
Table 1.1 Property comparison between bio-diesel and petro-diesel 
 










20°C的密度（g/ml） 0.88 0.83 
40°C动力粘度(mm2/s) 4-6 2-4 
闪点(°C) >100 60 
可燃性（十六烷值） ≥56 ≥49 
热值(MJ/l) 32 35 
燃烧功效（柴油=100%）(%) 104 100 
硫含量(w,%) <0.001 <0.2 
氧含量(V, %) 10 0 
芳烃含量(w,%) 微量 ≤25 
燃烧 1kg燃料按化学计算法的最小空气耗量(kg) 12.5 14.5 
水危害等级 1 2 
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